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obtain multiple groups of second pixel data of the image in a
CIELAB color space, wherein each of the second pixel data
includes a luminance component [L*, a first color component
a* and a second color component b*; adjusting the first color
component and the second color component of the second
pixel data to obtain multiple groups of third pixel data, and
performing a color space transforming process for the third
pixel data to obtain multiple groups of fourth pixel data cor-
responding to the third pixel data in the first color space.
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1
IMAGE COLOR ADJUSTING METHOD AND
ELECTRONIC DEVICE USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefits of U.S. provi-
sional application Ser. No. 61/821,237, filed on May 9, 2013,
and Taiwan application serial No. 103102712, filed on Jan.
24,2014. The entirety of each of the above-mentioned patent
applications is hereby incorporated by references herein and
made a part of specification.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to an image processing method, more
particularly, to an image color adjusting method for an elec-
tronic device.

2. Description of the Related Art

As display technology develops, various electronic devices
equip with an image displaying function for revealing infor-
mation. A user can select an appropriate electronic device to
display images according to locations, occasions or time
points. For example, a handheld device, such as a tablet
computer, or a home appliance, such as a television, can be
used to display desire images. It is known that different elec-
tronic devices has different image qualities, therefore, various
image processing methods are proposed and applied to dif-
ferent devices in order to get high-quality and bright-colored
images.

In pursuit of high-quality images, the user can obtain
bright-colored and clear images by improving the color satu-
ration. For example, when a plurality of pixel data of the
image is defined in an RGB color space, the color saturation
of'the image can be adjusted by adjusting a red component, a
green component or a blue component of the pixel data.
However, if a single color component of the image is directly
adjusted or improved in the RGB color space, the image may
distort, and the color may become too bright which results in
a false contour effect.

BRIEF SUMMARY OF THE INVENTION

An image color adjusting method to improve the color
saturation by adjusting the color of an image in a specific
color space to is provided.

An electronic device using the present disclosure method is
also provided herein. After the electronic device receives
pixel data of an image, it performs a color space transforming
process for the pixel data via an image processing unit, and
executes a color adjusting for the pixel data in the specific
color space to improve and display the image in high quality.

An image color adjusting method applied to an electronic
device equips an image processing function is also disclosed
herein. The image color adjusting method adjusts the color of
an image. The image color adjusting method includes follow-
ing steps: obtaining multiple groups of first pixel data of an
image in a first color space; performing a color space trans-
forming process for the first pixel data to obtain multiple
groups of second pixel data of the image in a CIELAB color
space, wherein each of the second pixel data includes a lumi-
nance component [L* a first color component a* and a second
color component b*; adjusting the first color component and
the second color component of the second pixel data to obtain
multiple groups of third pixel data, and performing a color
space transforming process for the third pixel data to obtain
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multiple groups of fourth pixel data corresponding to the third
pixel data in the first color space.

An electronic device equips an image processing function
and can adjust the color of an image. The electronic device
includes an image receiving unit, an image processing unit
and a display screen. The image receiving unit receives an
image and obtains multiple groups of first pixel data of the
image in a first color space. The image processing unit is
coupled to the image receiving unit and performs a color
space transforming process for the first pixel data to obtain
multiple groups of second pixel data of the image in a
CIELAB color space. Each of the second pixel data includes
a luminance component ¥, a first color component a* and a
second color component b*. The image processing unit
applies a color adjusting model to adjust the first color com-
ponent a* and the second color component b* of the second
pixel data to obtain multiple groups of third pixel data, and the
image processing unit performs a color space transforming
process for the third pixel data to obtain multiple groups of
fourth pixel data corresponding to the third pixel data in the
first color space. The display screen is coupled to the image
processing unit to receive and display the image including the
fourth pixel data.

As stated above, in the image color adjusting method and
the electronic device using the method, the pixel data of the
image in other color spaces are transformed to the CIELAB
color space and the color is adjusted. In the image color
adjusting method, the first color component and the second
color component of the pixel data in the CIELAB color space
are further adjusted via the color adjusting model, so as to
improve the color saturation of the image, and the adjusted
pixel data are transformed back to the original color space for
outputting and displaying. Consequently, the color saturation
of the image is improved to make the image color brighter,
and the image distortion can be avoided.

These and other features, aspects and advantages of the
present invention will become better understood with regard
to the following description, appended claims, and accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing an electronic device in
an embodiment;

FIG. 2 is a flow chart showing an image color adjusting
method in an embodiment;

FIG. 3 is a flow chart showing an image color adjusting
method in another embodiment; and

FIG. 4 is a schematic diagram showing a color adjusting
model in an embodiment.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

An image color adjusting method and an electronic device
are illustrated with relating figures. The same symbols denote
the same elements or components.

The image color adjusting method is applied to an elec-
tronic device equips with an image processing function for
image color adjusting. Conventionally, an image includes a
plurality of pixels, and thus image data include multiple
groups of pixel data defined in a color space. In the image
color adjusting method, a color space transforming process is
performed for the pixel data, so the color of the image can be
adjusted in a CIELAB color space via a color adjusting
model, and the image distortion can be avoided.
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FIG. 1 is a block diagram showing an electronic device in
an embodiment. Please refer to FIG. 1, the electronic device
100 includes an image receiving unit 120, an image process-
ing unit 140 and a display screen 160. The electronic device
100 equips with an image processing function to adjust the
color of the image. In detail, the image receiving unit 120
receives an image from an external device, and transfers
multiple groups of pixel data of the image to the image pro-
cessing unit 140. The image processing unit 140 is coupled to
the image receiving unit 120, receives and processes the
image. The processed image is outputted to the display screen
160 and displayed by the display screen 160. The display
screen 160 may be a liquid crystal display (LCD) or a light-
emitting diode (LED) display, which is not limited herein.

FIG. 2 is a flow chart showing an image color adjusting
method in an embodiment. Please refer to FIG. 1 and FIG. 2,
the image color adjusting method includes following steps. In
step S220, the image receiving unit 120 obtains multiple
groups of first pixel data of the image in a first color space. In
the embodiment, the first color space is an RGB color space,
and each group of the first pixel data includes a red compo-
nent, a green component and a blue component, respectively.
The first color space may be other types of color space, such
as a CMYK color space, which is not limited herein.

In step S240, the image processing unit 140 receives mul-
tiple groups of the first pixel data, and performs a color space
transforming process for the first pixel data to obtain multiple
groups of second pixel data in the CIELAB color space. In the
CIELAB color space, the second pixel data includes a lumi-
nance component [L* a first color component a* and a second
color component b*. In detail, the luminance component [L*
represents the luminance of a single pixel, the first color
component a* represents a bias degree of the color of a single
pixel between red and green (which are opponent colors), and
the second color component b* represents a bias degree of the
color of a single pixel between yellow and blue (which are
opponent colors). Since the CIELAB color space is visually
uniform, the color adjustment is executed in the CIELAB
color space, and it can correctly correspond to the color
change in visual.

In the embodiment, the first color space is the RGB color
space. The pixel data in the RGB color space cannot be
directly transformed to the pixel data in the CIELAB color
space. Thus, a transitional color space, such as a CIEXYZ
color space, is needed to help transforming the first pixel data
in the RGB color space to the second pixel data in the
CIELAB color space. In detail, a color space transforming
process is performed for the first pixel data to obtain transi-
tional pixel data in the transitional color space, wherein the
transitional pixel is corresponding to the first pixel data. Then,
the color space transforming process is performed for the
transitional pixel data to obtain the second pixel data in the
CIELAB color space, wherein the second pixel data is corre-
sponding to the transitional pixel data.

In step S260, the image processing unit 140 adjusts the first
color component a* and the second color component b* in
each group of the second pixel data via a color adjusting
model to obtain multiple groups of third pixel data. In the
embodiment, the color adjusting model is:

formula (1)

flxy
F&Y +gq

gy =px

Wherein “X” represents the first color component a* or the
second color component b*, “f(x)” is a color mapping value
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of'the first color component a* or the second color component
b* mapping to a range between “0” to “1”, parameters “t” and
“y” are control parameters, parameters “p” and “q” are limit
parameters, and “g(x)” is a color adjusting value which gen-
erated by adjusting the color mapping value “f(x)” via the
color adjusting model. In the embodiment, it is better that the
limit parameters “p” and “q” are integers.

FIG. 4 is a schematic diagram showing the color adjusting
model in an embodiment. Please refer to FIG. 4 and the color
adjusting model (formula 1), the curve in FIG. 4 represents
the corresponding relation between the color mapping value
f(x) and the color adjusting value g(x) in the color adjusting
model (formula 1). In other words, the curve in FIG. 4 repre-
sents the corresponding relation between the inputted first
color component a*, the second color component b* and the
outputted first color component a*, the second color compo-
nent b*. When the first color component a* and the second
color component b* of the second pixel data are adjusted via
the color adjusting model (formula 1), the inputted first color
component a* or the second color component b* is first
mapped to a range between “0” to “1” to obtain the color
mapping value f(x), and after the color adjustment, the color
adjusting value g(x) is mapped back to the value range of the
first color component a* or the second color component b* to
obtain multiple groups of the third pixel data. The third pixel
data also include a luminance component L*, a first color
component a* and a second color component b*.

In the embodiment, the change of the first color component
a* and the second color component b* can be adjusted cor-
respondingly by adjusting the control parameters t, y and the
limit parameters p, q. The control parameters t and y can
determine an adjusting degree of the first color component a*
and the second color component b*, and the limit parameters
p and q can limit the first color component a* and the second
color component b*, so as to avoid that the first color com-
ponent a* and the second color component b* are increased
too much and a color supersaturation occurs. In the embodi-
ment, the control parameters “t” and “y” preferably meet
conditions of O<y=4 and 0.99=t<1.91, and the limit param-
eters “p” and “q” preferably meet conditions of O<p=<2 and
O<g=l.

In the CIELAB color space, the first color component a*
represents a bias degree of the color of a single pixel between
red and green (which are opponent colors), and the second
color component b* represents a bias degree of the color of a
single pixel between yellow and blue (which are opponent
colors). Thus, in the relation shown in FIG. 4, if the inputted
color mapping value f(x) is near “1”, it represents that the first
color component a* is reddish, or the second color component
b*is yellowish. On the contrary, if the inputted color mapping
value {(x) is near “07, it represents that the first color compo-
nent a* is greenish, or the second color component b* is
bluish. As shown in FIG. 4, the color adjusting model can
adjust the bias degree of the color component between oppo-
nent colors. For example, if the inputted color mapping value
f(x) is 0.8, after it is adjusted via the color adjusting model
(formula 1), the outputted color adjusting value is 0.9. If “x”
is the first color component a*, it represents that the first color
component a* is reddish after adjustment, and if “x” is the
second color component b*, it represents that the first color
component b* is yellowish after adjustment.

In the CIELAB color space, the chromaticity C* is defined
as follows:

C*:\/(a*)2+(b*)2 formula (2)
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The color saturation S, is defined as follows:

formula (3)

The first color component a* and the second color compo-
nent b* in the CIELAB color space meet the conditions of
-R=a*<R and -R=<b*<R, and “R” is any integer. Since the
color adjusting model (formula 1) can adjust the bias degree
of the color component between opponent colors, for the
image (or the pixels), the image processing unit 140 can
relatively increase the chromaticity C* by adjusting the con-
trol parameters “t” and “y”, and can further improve the color
saturation S, without affecting the luminance L*.

Please refer to FIG. 1 and FIG. 2 again, in step S280, after
multiple groups of the third pixel data are obtained, the image
processing unit 140 performs the color space transforming
process for multiple groups of the third pixel data to obtain
multiple groups of fourth pixel data corresponding to the third
pixel data in the first color space. In the embodiment, the first
color space is the RGB color space, and thus the fourth pixel
data also include a red component, a green component and a
blue component.

FIG. 3 is a flow chart showing an image color adjusting
method in another embodiment. In the embodiment, the
method of adjusting the first color component a* and the
second color component b* of each group of the second pixel
data via the color adjusting model (formula 1) may further be
divided to two parts. One is to perform a color enhancement
to the second pixel data, and the other one is to perform a color
adjustment to a part of the second pixel data. Please refer to
FIG. 3, in the step S240, after the color space transforming
process is performed for the first pixel data to obtain multiple
groups of the second pixel data in the CIELAB color space,
the image processing unit 140 improves the first color com-
ponent a* and the second color component b* of the second
pixel data via the color adjusting model (formula 1) in the step
S262. The color adjusting model (formula 1) can adjust the
first color component a* and the second color component b*
by adjusting the control parameters t, y and the limit param-
eters p, q, as the relation shown in FIG. 4, so as to improve the
first color component a* and the second color component b*
and further improve the color saturation of the second pixel
data.

In the embodiment, not only a color enhancement is per-
formed to the first pixel data and the second pixel data of the
second pixel data, but also a color adjustment is performed for
a skin color area of the image. If the skin color area exists in
the image (which usually represents that a person exists in the
image), after the color enhancement in the step S262, the
image processing unit 140 further adjusts the first color com-
ponent a* and the second color component b* of the second
pixel data corresponding to the skin color area. Then, the
display screen 160 can show the skin color area in the image
more perfectly.

Please refer to FIG. 3, after multiple groups of the first pixel
data in the first color space are obtained in the step S220, the
image processing unit 140 further performs the color space
transforming process for multiple groups of the first pixel data
to obtain multiple groups of fifth pixel data in the second color
space in the step S242. For example, the second color space
may be an HSV color space, and each group of the fifth pixel
data includes a hue component H, a saturation component S
and a value component V. Then in step S244, a skin color
detection is executed for multiple groups of the fifth pixel data
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to determine whether a skin color area exists in the image.
Please refer to FIG. 1, the image processing unit 140 further
includes a skin color detection unit 142 to detect the skin color
area. Taking the HSV color space as an example, the skin
color detection unit 142 sets the hue component H, the satu-
ration component S and the value component V within an
appropriate range, respectively, and compares the fifth pixel
data with them to determine whether a skin color area exists
in the image.

If the image does not include a skin color area, multiple
groups of the third pixel data adjusted via the color adjusting
model (formula 1) in the step S262 are obtained, and the
image processing unit 140 obtains the fourth pixel data cor-
responding to the third pixel data in the first color space in the
step S280. On the contrary, if the image includes a skin color
area, the image processing unit 140 further adjusts the first
color component a* and the second color component b* of a
part of the second pixel data via the color adjusting model
(formula 1) in the step S264, and a part of the second pixel
data corresponds to the skin color area.

In detail, the skin color area can also be adjusted by adjust-
ing the control parameters t, y and the limit parameters p, q in
the color adjusting model (formula 1). In the step S262 and
the step S264, the settings of the control parameters t, y and
the limit parameters p, q in the color adjusting model (formula
1) are different. Compared with the color adjusting model
(formula 1) used for improving the first color component a*
and the second color component b* ofthe second pixel data in
the step S262, the color adjusting model (formula 1) in the
step S264 includes smaller control parameters t and to reduce
the color saturation of the skin color area. Finally, after the
image processing unit 140 obtains the third pixel data
adjusted in the step S262 and in the step S264, the fourth pixel
data corresponding to the third pixel data in the first color
space are obtained in the step S280.

In sum, the pixel data of an image defined in other color
spaces can be transformed to the CIELAB color space via the
image color adjusting method and the electronic device using
the same, and the color saturation of the image can be adjusted
via the color adjusting model without an image distortion or
a color supersaturation. Moreover, the image color adjusting
method can be used to detect whether a skin color area exists
in the image, and the skin color area can be adjusted via the
same color adjusting model to make the display screen show
the skin color area in the image more perfectly.

Although the present invention has been described in con-
siderable detail with reference to certain preferred embodi-
ments thereof, the disclosure is not for limiting the scope.
Persons having ordinary skill in the art may make various
modifications and changes without departing from the scope.
Therefore, the scope of the appended claims should not be
limited to the description of the preferred embodiments
described above.

What is claimed is:
1. An image color adjusting method applied to an elec-
tronic device equips with an image processing unit and a
display screen, the image color adjusting method comprising
following steps:
obtaining multiple groups of first pixel data of an image in
a first color space;

performing a first color space transforming process for the
first pixel data to obtain multiple groups of second pixel
data of the image in a CIELAB color space, wherein
each of the second pixel data includes a luminance com-
ponent L*, a first color component a* and a second color
component b*;
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adjusting the first color component a* and the second color
component b* ofthe second pixel data to obtain multiple
groups of third pixel data;

performing a second color space transforming process for
the third pixel data to obtain multiple groups of fourth
pixel data corresponding to the third pixel data in the first
color space; and

displaying the adjusted image, wherein the adjusted image
including multiple groups of the fourth pixel data by the
display screen,

wherein a color adjusting model is used to adjust the first
color component a* and the second color component b*
of the second pixel data, and the color adjusting model
is:

) = px F& (0
x) =

EO= P T e

wherein “X” represents the first color component a* or the

second color component b*, “f(x)” is a color mapping
value of the first color component a* or the second color
component b* mapping to a range between “0” to “1”,
parameters “t” and “y” are control parameters, param-
eters “p” and “q” are limit parameters, and “g(x)” is a
color adjusting value which generated by adjusting the
color mapping value “f(x)” via the color adjusting
model.

2. The image color adjusting method according to claim 1,
wherein the first color space is an RGB color space, and each
of'the first pixel data and each of the fourth pixel data include
ared component R, a green component G and a blue compo-
nent B, respectively.

3. The image color adjusting method according to claim 1,
wherein O=y=4 and 0.99=t<1.91, and O<p=<2 and 0<q=1.

4. The image color adjusting method according to claim 1,
wherein the step of adjusting the first color component a* and
the second color component b* of the second pixel data
includes:

increasing the first color component a* and the second

color component b* of the second pixel data to improve
a color saturation of the second pixel data.
5. The image color adjusting method according to claim 4,
wherein the image color adjusting method further includes:
performing a third color space transforming process to the
first pixel data to obtain multiple groups of the fifth pixel
data of the image in a second color space; and

executing a skin color detection to the fifth pixel data to
determine whether a skin color area exists in the image;

wherein if the image includes the skin color area, the first
color component a* and the second color component b*
of a part of the second pixel data are adjusted after the
color saturation of the second pixel data is improved, and
a part of the second pixel data corresponds to the skin
color area in the image.

6. The image color adjusting method according to claim 5,
wherein the second color space is a HSV color space, and
each of the fifth pixel data includes a hue component H, a
saturation component S and a value component V.

7. An electronic device including an image processing
function, the electronic device comprising:
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an image receiving unit receiving an image and obtaining
multiple groups of first pixel data of the image in a first
color space;

an image processing unit coupled to the image receiving
unit and performing a first color space transforming
process for the first pixel data to obtain multiple groups
of second pixel data of the image in a CIELAB color
space, wherein each of the second pixel data includes a
luminance component L*, a first color component a*
and a second color component b*, the image processing
unit applies a color adjusting model to adjust the first
color component a* and the second color component b*
of the second pixel data to obtain multiple groups of
third pixel data, and the image processing unit performs
a second color space transforming process for the third
pixel data to obtain multiple groups of fourth pixel data
corresponding to the third pixel data in the first color
space; and

a display screen coupled to the image processing unit to
receive and display the adjusted image including mul-
tiple groups of the fourth pixel data,

wherein the color adjusting model is:

e px L M
=P G g

[Taxt)

wherein “x” represents the first color component a* or the
second color component b*, “f(x)” is a color mapping
value of'the first color component a* or the second color
component b* mapping to a range between “0” to “1”,
parameters “t” and “y” are control parameters, param-
eters “p” and “q” are limit parameters, and “g(x)” is a
color adjusting value which generated by adjusting the
color mapping value “f(x)” via the color adjusting
model.

8. The electronic device according to claim 7, wherein the
first color space is an RGB color space, and each of the first
pixel data and each of the fourth pixel data include a red
component R, a green component G and a blue component B,
respectively.

9. The electronic device according to claim 7, wherein
O=<y=4 and 0.99=t=<1.91, and 0<p=2 and 0<q=l1.

10. The electronic device according to claim 7, wherein the
color adjusting model increases the first color component a*
and the second color component b* ofthe second pixel data to
improve a color saturation of the second pixel data in the
image processing unit.

11. The electronic device according to claim 10, wherein
the image processing unit further includes a skin color detec-
tion unit, the image processing unit performs a third color
space transforming process for the first pixel data to obtain
multiple groups of the fifth pixel data ofthe image in a second
color space, and the skin color detection unit executes a skin
color detection for the fifth pixel data to determine whether a
skin color area exists in the image.

12. The electronic device according to claim 11, wherein
the second color space is a HSV color space, and each of the
fifth pixel data includes a hue component H, a saturation
component S and a value component V.
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